Tat and TIP30 increased nuclear Snail in metastatic tumors. In conclusion, the binding of HIV1 Tat to TIP30 enhanced EMT and metastasis by regulating the nuclear
translocation of Snail. Targeting Tat-interacting proteins may be a potential therapeutic strategy to prevent metastasis in NSCLC patients with HIV infection.
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| INTRODUCTION
Highly active antiretroviral therapy (HAART) significantly improves the survival and morbidity of patients with acquired immune deficiency syndrome (AIDS). 1 Despite the effective suppression of the human immunodeficiency virus (HIV) viral load by HAART, the number of patients who live with HIV is increasing. 2 In the modern HAART era, HIV infection is considered a chronic disease that causes cancers, thus bringing new health challenges to HIV-infected patients. Among the non-AIDS-defining cancers, lung cancer is the most common malignancy; this phenomenon may be explained by several risk factors, such as smoking, immunosuppression and antiretroviral agent-induced DNA damage. 3 Lung cancer patients with HIV infection have poorer survival rates and prognoses compared with their HIV-uninfected counterparts, although the molecular mechanism is not clear. 4, 5 The Tat protein of HIV1 is a transcriptional activator that contributes to viral and endogenous gene expression in host cells. 6 Even during effective HAART, the Tat protein is continuously released from HIV-infected cells. 7 The extracellular Tat protein may enter neighboring cells in its free form or through its interaction with membrane receptors. 8 Although T cells are the major type of cells infected with HIV, the penetration of the Tat protein into different cell types is linked to several pathological events, including cancer. 9, 10 These findings indicate that Tat-mediated molecular mechanisms may play important roles in cancer progression.
Many Tat-interacting molecules have been identified. Although
Tat lacks a DNA-binding domain, it interacts with several transcriptional regulators, such as RNA polymerase II, general transcription factors, and some additional transcription factors. 11, 12 Tat-interacting protein 30 (TIP30, also known as Htatip2) harbors intrinsic enzyme activities and functions as a positive regulator of HIV1 Tat-activated transcription. [13] [14] [15] TIP30 is considered to be a tumor suppressor in hepatocellular carcinoma (HCC) and colorectal carcinoma. 16, 17 In addition, the downregulation of TIP30 is associated with poor prognosis and metastasis in different cancer types, including prostate cancer, gallbladder cancer, laryngeal squamous cell carcinoma, esophageal carcinoma and lung cancer, 18, 19 although the underlying mechanism is not clear.
In addition to its function in transcriptional regulation, TIP30
deficiency results in the activation of the protein kinase B (Akt) signaling pathway, leading to proliferation, drug resistance and lipogenesis in laryngeal carcinoma and HCC. 20, 21 The inhibition of TIP30 expression by microRNA-10b enhances epidermal growth factor (EGF) and tumor growth factor (TGF)-β signaling and contributes to the invasive ability of pancreatic cancer cells. 22 In HCC, the loss of TIP30 promotes Snail-mediated epithelial-to-mesenchymal transition (EMT), a biological process that promotes the migration, invasion and stemness of cancer cells. 23 However, it is unclear how the interaction of Tat and TIP30 regulates metastasis in lung cancer. In this study, we showed that the HIV1 Tat 
| MATERIALS AND METHODS

| Cell lines and cell culture
Human NSCLC cell lines (A549, H358, PC9 and PC13) and the human embryonic kidney 293T (HEK293T) cell line were purchased from the American Type Culture Collection (ATCC, Manassas, VA, USA). The A549 and HEK293T cells were cultured in Dulbecco's modified Eagle's medium supplemented with 100 U/mL penicillin, 100 U/mL streptomycin and 10% fetal bovine serum (FBS). The H358, PC9 and PC13 cell lines were cultured in RPMI 1640 medium supplemented with 100 U/mL penicillin, 100 U/mL streptomycin and 10% FBS. The cells were maintained in a humidified incubator at 37°C in a 5% CO 2 atmosphere. 
| Plasmid construction, shRNA and lentivirus preparation
| Animal study
All animal experiments were performed in accordance with a proto- 
| Immunohistochemistry (IHC)
Tissue sections were dewaxed and rehydrated. GTX125918; GeneTex, Inc., San Antonio, TX, USA) or GFP (1:500; GTX 113617; GeneTex) at 4°C overnight. The slides were then incubated with a biotin-conjugated anti-rabbit secondary antibody followed by polymer-HRP reagent, using an ABC kit from Vector Laboratories (Burlingame, CA, USA). Peroxidase activity was visualized with a diaminobenzidine tetrahydroxychloride solution (Vector Laboratories). The sections were counterstained with hematoxylin.
| Statistical analysis
All observations were confirmed by at least 3 independent experiments. The results are presented as the means ± standard deviations. We used two-tailed, paired Student's t tests for all pairwise comparisons. Comparisons between multiple groups were performed using one-way ANOVA followed by Dunnett's t test. In all comparisons, differences were considered statistically significant at P < .05.
More detailed information is provided in Data S1.
| RESULTS
| Overexpression of TIP30 inhibits TGF-β-induced EMT and invasion of lung cancer cells
The presence of TGF-β in the microenvironment of lung tumors is suggested to be the critical factor for the initiation of metastasis. 
| Knockdown of TIP30 induces EMT and promotes invasion and sphere formation
To study the role of TIP30 in EMT and cell invasion, TIP30 was stably knocked down in A549 and PC9 cells, which express high | 3107 ( Figure 2C ). A previous study indicated that cells undergoing EMT develop stem cell properties. 25 We therefore analyzed the mRNA expression of the stemness-associated genes. The knockdown of TIP30 significantly upregulated the mRNA levels of Bmi1, CD133
and nestin compared to their levels in the scrambled control-transfected cells. The mRNA levels of Nanog and Notch1 also showed a trend of upregulation in the TIP30 knockdown cells, although the difference was not statistically significant ( Figure 2D ). Consistently, the knockdown of TIP30 increased the number of tumor spheres, which represents the self-renewal ability of the cells (Figure 2E ).
To further confirm the inhibitory function of TIP30 on EMT and invasion, TIP30 was knocked out in A549 cells by using the clus- 
| Recombinant HIV1 Tat protein promotes EMT and invasion
Since TIP30 is a HIV1 Tat-interacting protein, we next studied the effect of HIV1 Tat on the EMT and invasion of NSCLC cells. A549
and H358 cells were treated with recombinant Tat (rTat), which contains a protein transduction domain that allows Tat to penetrate the cell membrane. 26 After rTat treatment, the downregulation of E-cadherin and upregulation of N-cadherin were observed in A549 and H358 cells, while an increase in vimentin and Snail expression was 
| Binding of HIV1 Tat to TIP30 promotes the nuclear translocation of Snail
Previous studies demonstrated that TIP30 interacted with importin-β and inhibited the nuclear translocation of many transcriptional regulators. 23, 27, 28 Consistent with these findings, an in silico docking model showed that TIP30 directly bound to importin-β through the α-5 and α-6 helices of importin-β ( Figure S2A ). Interestingly, the docking model also predicted that TIP30 bound to HIV1 Tat by using the same domain that interacts with importin-β ( Figure S2B ).
Accordingly, we hypothesized that HIV1 Tat may block the interaction of TIP30 with importin-β. An immunoprecipitation assay using a TIP30 antibody showed that TIP30 interacted with importin-β (Figure 4A) . However, the ectopically expressed HIV1 Tat-Flag protein abolished the interaction between TIP30 and importin-β ( Figure 4A ).
We next asked whether the interaction of TIP30 with importin-β may block the binding of Snail to importin-β. Immunoprecipitation with an anti-importin-β antibody showed that the interaction between Snail and importin-β was diminished by the forced expression of TIP30 ( Figure 4B ). These data suggested that TIP30 competes with Snail for binding to importin-β. Indeed, the results of the western blot analysis showed that the Snail protein level was higher in the nuclear fraction of TIP30 knockdown cells than it was in the nuclear fraction of scrambled control cells ( Figure 4C ). The immunofluorescence analysis also showed an increased nuclear accumulation of Snail in TIP30-knockdown cells ( Figure 4D ). On the other hand, the ectopic expression of HIV1 Tat-Flag in A549 cells also promoted the nuclear translocation of Snail ( Figure 4E ). In contrast, the overexpression of TIP30 inhibited the nuclear translocation Within the N-terminal region of TIP30, there is an adenosine triphosphate-binding motif driving TIP30 kinase activity, which is required for the phosphorylation of RNA polymerase II and the enhancement of Tat-activated transcription. 15 Additionally, TIP30
contains a highly conserved β-α-β motif, which binds to NADPH and drives TIP30 reductase activity. 39 In addition to its enzymatic role, the binding of NADPH to TIP30 is responsible for the interaction of TIP30 and importin-β. 28 Consistent with a previous finding in HCC, our study showed that the interaction of HIV1 Tat and TIP30 inhib- Snail and importin-β should be extensively investigated in the future.
In the general population without HIV infection, the loss of TIP30 is frequently found in tumors of late-stage NSCLC patients. 5 The decreased TIP30 expression in metastatic tumors might be regulated by epigenetic mechanisms, including miRNAs and the hypermethylation of the TIP30 promoter. 
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